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(54) Method and apparatus for measuring waveform quality of CDMA signal 

(57) The present invention offers a method and 
apparatus for measuring the waveform quality of a 
CDMA signal with increased accuracy. A baseband dig- 
ital measuring signal Z(k) from a quadrature trans- 
form/complementary filter 22 is applied to a 
demodulating part 25. wherein it is demodulated by a 
PN code of a pilot signal to detect a bit train and an 
amplitude aV An ideal signal Rj is generated from the bit 
train, the amplitude a'j and the PN code. At the same 
time, auxiliary data A, B, C, H and I, which are used to 
solve approximate simultaneous equations for comput- 
ing parameters that minimize the square of the differ- 
ence between the ideal signal Rj and the measuring 
signal Z(k), are generated in an ideal signal/auxiliary 
data generating part 26. The thus obtained auxiliary 
data and the measuring signal Z(k) are used to solve 
the simultaneous equations to estimate the parameters 
in a parameter estimating part 27. The parameters are 
optimized by repeatedly correcting the measuring signal 
Z(k), the ideal signal Rj and the auxiliary data A, B. C, H, 
I based on the estimated parameters and estimating the 
parameters based on the corrected data. When the 
parameters are optimized, the power coefficient pj is 
computed using the optimized measuring signal Z(k) 
and the PN code. 
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Description 

BACKGROUND OF THE INVENTION 

5 1. FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for measuring the waveform quality of a CDMA (Code 
Division Multiple Acx^ess) modulated signal that is used in mobile communications or the like. 

10 2. DESCRIPTION OF THE RELATED ART 

A conventional method for measuring evaluation parameters of each channel signal in a radio wave radiated from 
a base station of CDMA mobile communications, that is, a power coefficient pj, the output timing Aij and a phase offset 
AGj. Is described, for example, in a thesis entitled "Overview of Code-Domain Power, Timing, and Phase Measure- 
rs ments", Hewlett-Packard Journal, pp. 73-93, Feb. 1996. 

Referring to Fig. 3. the conventional method will be described in brief, A CDMA signal from a base station is input- 
ted via an input terminal 11 into a down converter 12. The CDMA signal is converted by the down converter 1 2 to an IF 
signal which Is, in turn, amplified by an amplifier 13. The amplified IF signal is band-limited by a filter 14 and converted 
by an A/D (analog-to<ligital) converter 15 to a digital signal. The measuring signal (the CDMA signal), converted to dig- 
20 ital form, is transformed by a quadrature transform part 16 to a complex base band signal. The base band signal is 
applied to a frequency/phase compensating part 1 7 wherein its frequency and phase shifts are compensated for. The 
compensated base band signal is applied to a p; computation/bit detection part 18 and a parameter evaluating part 19. 

A pilot signal generating part 20 is a means for generating a known pilot signal. Based on the known pilot signal 
from the pilot signal generating part 20 and the output from the frequency/phase compensating part 17, the pj compu- 
25 tation/bit detection part 18 computes the power coefficient Pi and detects a bit for each channel. The power coefficient 
Pi and the bit thus detected are provided to an ideal signal generating part 21 which generates an ideal signal from the 
detected bit and power coefficient Pj and the pilot signal fed from the pilot signal generating part 20. The ideal signal is 
applied to the parameter evaluating part 19. 

The parameter evaluating part 19 is also supplied with the output from the frequency/phase compensating part 1 7. 
30 Based on the both input signals, the parameter evaluating part 19 computes an output timing (a time lag) Axj and a 
phase offset (a phase shift) ASj of each of other channels relative to a pilot channel in the input signal (the CDMA signal) 
so as to minimize the mean square of the difference between the two input signals. The thus computed outputs Axj and 
AOj are fed back to the ideal signal generating part 21 . The ideal signal generating part 21 re-aeates and applies an 
ideal signal to the parameter evaluating part 19 which repeatedly computes the output timing Ax•^ and the phase offset 

35 AOj. 

The above conventional method computes the output timing Axj and the phase offset AOj in the parameter evaluat- 
ing part 19 through their optimization but does not involve optimization of the power coefficient pj. On this account the 
computed power coefficient pj remains affected by the output timing Axj and the phase offset AOj. and hence Its accuracy 
of measurement is low. Since the ideal signal generating part 21 uses the low-accuracy power coefficient pj to generate 
40 the Ideal signal, the measured output timing and phase offset Axj and A0j also lack accuracy. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a measuring method with which it is possible to measure 

45 the waveform quality of the CDMA modulated signal with high accuracy. 

Another object of the present invention is to provide a measuring apparatus with which it is possible to measure the 
waveform quality of the CDMA modulated signal with high accuracy. 

According to an aspect of the present invention, there is provided a method for measuring the waveform quality of 
a CDMA signal, which comprises: a correcting steps of correcting a carrier frequency shift of a digital measuring signal 

50 transformed to a base band signal; a demodulating step of demodulating the corrected digital measuring signal to 
obtain demodulated data (bit data) and an amplitude value; an ideal signal generating step of generating an ideal signal 
based on the demodulated data, the amplitude value and estimated parameters; a parameter estimating step of esti- 
mating various parameters from the ideal signal andihe cJbnrected measuring signal; an optimization Step of repeating - 
the correction of the carrier frequency shift of the digital measuring signal in the correcting step and the generation of 

55 the ideal signal in the ideal signal generating step through utilization of the estimated parameters and repeating the 
demodulating step and the parameter estimating step until the estimated parameters are optimized: and a power coef- 
ficient computation step of computing the power coefficient of the measuring signal with the estimated parameters opti- 
mized. 
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The correcting step corrects the measuring signal also using amplitude, time lag or delay and phase parameters of 
a specified channel thereof. The parameter estimating step estimates the amplitude, time lag or delay and phase 
parameters by solving approximate simultaneous equations of a parameter that minimizes the square of the difference 
between the measuring signal and the ideal signal. 

The parameter estimating step comprises a step of computing five pieces of auxiliary data A(k). B(k), C(k). I(k) and 
H(k) using the ideal signal, the amplitude parameter, the time lag or delay parameter, the phase parameter and a data 
number (time) k as variables, and a step of solving the approximate simultaneous equations through the use of the five 
pieces of auxiliary data and the measuring signal. 

According to another aspect of the present invention, there is provided an apparatus for measuring the waveform 
quality of a CDMA signal, which comprises: analog-to-digltal converting means for converting an input CDMA signal to 
a digital signal- quadrature transform and correcting means for transforming the digital signal to a digital measunng sig- 
nal of the baseband and for correcting its carrier frequency shift; demodulating means for demodulating the corrected 
digital measuring signal to obtain its demodulated data and amplitude value; pilot signal generating means for generat- 
ing a known pilot signal; means for generating an ideal signal from the demodulated data and the pilot signal and for 
generating auxiliary data from the ideal signal through calculation; parameter estimating means for estimating various 
parameters from the auxiliary data and the corrected digital measuring signal through calculation; means for updating 
estimated parameters used so far with the parameters currently estimated by the parameter estimating means; and 
power coefficient computation means for computing the power coefficient of the measuring signal with the estimated 

parameters optimized. ^. .. .. , . , 

In the preferred embodiment of the invention, there is provided storage means for storing the digital signal con- 
verted by the analog-to-digrtal converting means. The stored digital signal is read out from the storage means by the 

analog-to-digital converting means. „„,-,^ 
According to the present invention, in quadrature transform step the input signal is con-ected using vanous param- 
eters to create a measuring base band signal. In the demodulating step demodulated data and an initially estimated 
amplitude value are detected from the measuring base band signal. In the ideal signal generating step an deal signal 
is generated from the demodulated data, the amplitude value and other estimated parameters. In the parameter es i- 
mating step various parameters are estimated from the ideal signal and the measuring base band signal. In *ie opti- 
mizing step the estimated various parameters are used to optimize the generation of the measunng base band signal 
and the ideal signal, after which the demodulating step, the ideal signal generating step and the parameter estimating 
step are repeated. After the optimization the power coefficient of the measuring signal is computed in the power coetti- 

cient computation step. ^^u^o „uiii ho 

In the present invention all parameters are estimated in the parameter estimating step. This scheme will be 
described below. An ideal signal R is optimized so that the square of a difference e between it and a measunng signal 
Z is minimized as given by the following equation (1): 

64N 



k=1 



Where k is the number of sampled data. 2^ is data Z^^Z(t ,) obtained by sampling the measuring signal Z at chip inter- 
vals and Rk shows an optimal ideal signal when the difference £ has been minimized. 
The optimal ideal signal Rk is given by the following equation (2): 

R ^ = ^ R i(t i)expG[Ac;)(t k+T i)+0 j]) (2) 



where tj is the optimum value of i-th channel signal output timing. A ^ is the optimum value of a carrier frequency error, 
e- is the optimum value of the carrier phase of the i-th channel signal, and 



represents the summation of ideal signals of all channels. 

The ideal signal Rj can be expressed by the following equation (3): 
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Ri(t) =aj[£g(t-kTJcx5S*j^-H£g(t-kTJsin(|>jJ (3) 
k k 

5 Substituting aj for aj in Eq. (3) on the assumption that the ideal signal has been optimized in the optimizing step, 

we have 

R ,{\) = a j[5;;g(t-kT,)cos<t) i.k+jX;g{t-*^^c)s'n(t» (4) 
k k 

70 where the term inside the bracket [ ] represents an ideal signal whose amplitude is 1 . and aj is the optimum value of the 
amplitude of the i-th channel signal, and Rk can be expressed by the following equation (5): 



75 
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R = £ a j • R' i (t i)expa[Aco(t i)+e j]) (5) 



where R'i is the term inside the bracket [ ] in Eq. (4). 

From these optimum values of the parameters the following values can be obtained. 

20 

Aa>: estimated value of the carrier frequency error 

' ~ • estimated value of the timing difference (time lag) of the i-th channel relative to the 0-th channel 
Ae j = G i-Gq : estimated value of the phase difference of the i-th channel relative to the 0-th channel 

25 That is, the estimated amount of delay tq and the estimated phase Oq of the 0-th channel are taken from values at 
appropriate points in time of the measured timing and the phase at the measured time, and the estimated values Axj 
and A0j can be computed from these values tq and Oq and the estimated amount of delay Xj and the estimated phase 
§0 of the i-th channel relative to the measured timing. 

In the optimizing step the sampling of the measuring signal Z is repeated so that tq is reduced down to zero. Con- 
so sequently, optimized parameters will ultimately be determined from sampling data at the time when tq becomes zero. 
The measuring signal Z at the point of completion of the optimizing step Is used to compute the power coefficient pj in 
each channel by the following equation (6): 



Pi = 



N 64 

IILZi.KRiJ.K*l' 

fel_!£3 (6) 



E"^M.Ki'HLLiZj,ki' 

h=i J Lj=i K=i 



where j and k are symbols used in place of sampling numbers. If k until now is replaced with k', the Eq. (6) can be 
expressed by the following equation: 

k' = k-1 + Q-1) X 64 



In Eq. (6) Rj j ^ is the same as R' used so far. 

To minimize the difference between the measuring signal Z and the ideal signal R given by Eq. (1), an equation 
by the partial differentiation of Eq. (1 ) with each parameter needs only to be solved zero. The partial differential equation 
is a polynomial using a combination of parameters. The parameters are each determined by formulating simultaneous 
50 linear equations approximate to respective partial differential equations with terms of the second and subsequent 
orders of each parameter omitted and by solving the simultaneous linear equations. In order that the parameters Aw . 
Tj, Sj and aj currently defined may be handled as parameters of the optimization equation, the following correction 
parameters'a>',^*j, B'j^and a'j are introduced. • ' ' 

55 Aco = co' + Aco 

T; = -I- AX: 
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e| = e'i + Aei 



a, = av + Aai 



5 These parameters are optimized so that the parameters added with A will ultimately be zero. These parameters w . 

T- e- and a'i contain errors prior to their optimization. The parameter co' is used as an estimated value before rt is opti- 
mized. This parameter is used to correct the measuring signal in advance. The other parameters are used as estimated 
values prior to their optimization. These parameters are used to correct the ideal signal in advance. 

The Introduction of the above-mentioned parameters permits approximation of a function around the zero point, 

10 allowing ease In deriving the optimization equation. Even if an approximate expression is used as the optimization 
equation the parameter w and others are corrected step by step by creating an optimization loop. Hence, the approx- 
imation accuracy increases with an increase in the number of times the optimization loop is executed. 

Formulation of x'j 

T is formulated in the equation of the ideal signal R. Let it be assumed, as regards the ideal signal R, that only data 
is obtained at sampling intervals. Since the sampling time interval is expressed by tk. R is given as follows: 

R(tk) 

A digital filtering scheme is known as a method for obtaining a value displaced x from the sampled value R. . 

R(tK--r) 

Letting an impulse response of a suitable digital filter be represented by h(t). a x-shifted impulse response HmT^-T) is 
pre-computed. With the use of this impulse response, a value R shifted by t can be obtained by the following equation: 

R(t^-T)= ^ hCmT^-T). Rftk-mTg) (7) 

m=-M 

Where is the sampling intervals. This impulse response is approximated by using a Taylor expansion around zero and 
leaving the equation down to the second order term. Thus the impulse response is given by the following equation: 

h(mT^-T) =a(mTg) • x^+bCmTg) • T+c(mT J (8) 
R can be rewritten as follows, using the above equation (8): 



45 



R{t^-T)= 22 {a(mT3)-T^+b(mTs)»T+c(mTg)}- RCtk-mTg) 

= (r a(mT3)-R(tk-mT,)]-T^+[ £ bCmT^) • R(tK-mT J] -t^- [ £ cCmT^) • R(t,-mT^)] 

m=-M nn=-M "i=-M 



Since t j^=kTs , the following equation (9) is obtained by omitting Ts. 



so 



M 



R(t,-T) = [ £ a(m) • R(k-m)] • t^+L £ b{m) • R(k-m)] • t +1 £ c(m) • R(k.m)] (9) 

m=-M m=-M m=-M 



55 By substituting this equation into a defining equation, it is possible to formulate simultaneous equations using the 

respective parameters. . . • ■ ^ 

It is very complex to formulate the optimization equation through utilization of all mathematical expression involved 
and the computational complexity can be reduced by precomputing them together. To this end. the five symbols 
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described below are introduced. 



Lnn=-M 



a(m) • Rj(k-m) 



(10) 



10 



Bi (k)=: 



r " 

a (tn) 

Lin=-M 



Ri (k-m) 



• r 



+ a'i • ri: b((n) • Ri (k-m) 



eie\ - . (11) 
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25 



Ci (k) = 



a'i • a(m) • R; (k-m) ] * r( = 



r « 
Z: b (m) 

LoF-M 



R 



i (k-m) ] 



r i 



r M 
a'. • [- 



Z: c (m) • Ri (k-m) ] 



ej^'i • • (12) 
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I i (k) = 



a((n) • Ri (k-m) ] • rf^ 
+ [i b (m) • Ri (k-m) ] * 
+ fz: c (m) • Ri (k-m) 1 



(13) 
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Hi (k) = 



2 • a(ra) • Ri (k-m) ] * 

+ [g b(m) . Rj (k-m) ] 



(14) 



The partial differemiat equations for the respective parameter^ are solved from the defining eqtjation (1). ■ • 
By executing the partial differentiation, for example, with de ^/dAo=0 to approximate each parameter to its f irst- 
55 order term, respective parameter and constant terms are obtained as follows: 



0 = p 



Aco 
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P(A.>AOJ • ^^n • • •+P(Ao>A9e3) 



+Const. 



Ae 



63 



10 



15 



• A^i+£P(Ao.A6i) • Aej+Const. 



where p's are coefficients of respective terms. These p's form a coefficient matrix. 

The results of respective partial differentiations are shown below. The parameters Aco, Aaj, Ax^, AGj and Const, are 
20 shown at the left-hand side of a multiplication symbol " - " (dot) and coefficients p(AcoAo>), p{AcoAaj), p(AcoAxj). p(A(oAej) 
and Const, at the right-hand side of the multiplication symbol " • ". 



25 



d e 2 
d Aco 



30 



i k 



35 



40 



Aa.^SAa: -Sk [ZCk)^! i(k) Z(k)i„IiCk) re 1 
' i k 



A r i -* 2: A 7- ■ 



45 



2: CCi(k)reCj(k)ia-Ci(k)i„Cj(k)re] 
j k 

+ 2: k C Z (k)„Bi(k)i„- Z(k)i„Bi(k)re] 



+ Z: C Z(k)reCi(k)i„- Z(k)i„Ci(k)re] 
k 



so 



A0 --2:A^-5:k C Z(k),eCi(k),e+ Z (k) C i (k) i J 
^ i k 



Const. S k [ Z(k)reCi(k)i„+ Z (k)i„ C i(k)re] 

i k , 
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d e 2 
a A a„ 



10 



C^CJ-*Aco • S k [ Z (k)re In Z Ck) j„ In(k)re] 

k 

Aan-Aa„ • S C I „ Ck)re I „ Ck)re + I n<k)im I n (k) iml 
k 



15 



A a j A a • 



[IiCk),eInCk)re+IiCk)in,InCk)iJ 



20 



25 



S [B„(k)re In(k)re + B„(k)i„ I„(k)iJ 
k 

+ S 2: [Ci(k)reHnCk)re^Ci(k)i„H„(k)i„] 

i k 

- S [ Z (k)reH„(k)re- Z Ck) H„(k) i„] 



30 



ATj-SZATj [Bi(k)re I„(k)re + Bi (k)i„ I„(k)j„,] 

i^n k 



35 



A0„ -Ae„ 



i^n k 



[Ci(k)i„ In(k)re-Ci(k)re I„Ck)i„] . 



+ 5: C Z (k)re I „(k) in- Z Ck) I „(k)re] 
k 



40 



i^n k 



45 



Const. 



S S [CiCk)re In(k)re + Ci(k)i„ In(k)iJ 
i k 

[ Z(k)„ I„(k)re+ ZCk)i„ I„(k)iJ 
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d e2 
5 A r„ 



2: S [C„(k)reCi(k)i„-C„(k)i„Ci(k)re] 

+ k C Z Ck)reBn(k)i„- Z(k)i„,B„(k)re] 

k 

+ 2: C Z (k)reC„(k)i„- Z(k)i„C„(k)re] 
k 



15 



20 



25 



30 



Aa i - S Aa i -2: 



2: CBn(k)re I n (k)re + B, (k) i„, I n (k) i J 
k 

+ 2:2: [Ci(k)reHnCk)re+Ci (k)i„H„(k)i„] 
i k 

- 2: [ Z (k)reH„(k)re+ Z (k) H„(k) j J 

k 

CB„(k)re Ii(k)re + B„(k)i„ Ii(k)io,] 

2 2: 2: CCiCk)reA„Ck)„ + CiCk)i„A„Ck)i„] 

i k 

+ 2: CB„(k)reB„(k)re+Bn(k)iaB„(k)iJ 
k 

-2 2: [ Z(k)„A„(k)re-^ Z Ck)i„An(k)i„] 



35 



40 



A z 



A r i 



Ae„ -*Ae„ 



• 2: CB„(k)reBi(k)„ + B„(k)i„Bi(k)iJ 
k 

2: 2: [Ci(k)ioB„(k)re-C j(k)reBn(k)i„] 
i^n k 

+ 2: [ Z (k)reB„(k)i„- Z(k)i„B„(k)re] 



45 



Afi i ^ :2: A© i 



[ C i (k) re B „(k) i„ - C i (k) i„ B „ (k) re ] 



so 



Const. 



i k 



[Z(k)reBn(k)re+ Z (k) in, B „(k) i„] 
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d e 2 
d Ad 



10 



15 



-*Aa„ 



i*n k 



CCi(k)re I n(k)i„-Ci(k)i„ I n(k)re] 



[ Z (k)re I „(k)ia,- Z(k)i„ I „(k)re] 



20 



Aa^-SAai CC„(k) i„ I , (k)^ - C„(k),e I i (k) 

1 K 



25 



[C i (k) re B „(k) i„ - C i(k) i„ B „(k) „ 3 
[ Z (k)reB„(k)io,- Z (k) B „(k) „ 1 



30 



^''i"*^„^^i i:C„(k)i„Bi(k)re-C„(k),eBi(k)i„] 
I n K 



35 



^ S CCiCk)reCnCk)re-Ci(k)i„C„(k)iJ 

-Z: [ Z(k)reC„(k)„+ Z(k)ioC„(k)i„] 



40 



• CC„(k)reCi(k)„-C„(k)i„Ci(k)i,] 



45 



Const. [Ci(k)„c„(k)i„-Ci(k)i„c„(k),e] 

C Z(k)reC„(k)i„- Z(k)i„C„Ck)re] 



50 



The respective parameter values are obtained by solving the simultaneous equations as shown in Fig. 1 which are 
55 formed by a matrix of the coefficients p's and a matrix of the parameters Aco, Aaj, Axj and ASj given above. 

The thL© obtained parameters Aco, Aaj, Aij and AOj are used to update the correcting parameters co\ a\, i\ and e*j 
as follows: 
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ca' ^ o'+Aco (1 5) 



^ a*j + AHj 



X'. ^ tV + AXj 



The updated correcting parameters are used to correct the measuring signal 2 and re-create the ideal signal, and 
10 the afore-nnentioned optimization is repeated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing simultaneous equations that are used for the estimation of parameters in an embodi- 
15 ment of the CDMA signal waveform quality measuring method according to the present invention; 

Fig. 2 is a block diagram illustrating the general configuration of an embodiment of the CDMA signal waveform qual- 
ity measuring apparatus according to the present invention; and 

Fig. 3 is a block diagram showing the general configuration of a conventional CDMA signal waveform quality meas- 
uring apparatus. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A detailed description will be given, with reference to the accompanying drawings, of an embodiment of each of the 
method and apparatus for measuring the waveform quality of a CDMA signal according to the present invention. 

25 Fig- 2 illustrates in block form the configuration of an embodiment of the CDMA signal waveform quality measuring 

apparatus according to the present invention. The parts or components corresponding to those in Fig. 3 are identified 
by the same reference numerals and no description will be given unless necessary. 

As is the case with the prior art example of Fig. 3. the CDMA signal from a base station is inputted via the input 
terminal 11 into and converted by the down converter 12 to an IF signal which is amplified by the amplifier 13. The 

30 amplified IF signal is band-limited by the filter 1 4 and the converted by the A/D (analog-to-digital) converter 1 5 to digital 
form. Ihe digital IF signal is temporarily stored in a memory 40 from which it is read out and applied to a quadrature 
transform part/complementary filter 22. The digital IF signal is first transformed in the quadrature transform part of the 
quadrature transform part/complementary filter 22 to a base band signal. The base band signal is passed through the 
complementary filter of the quadrature transform part/complementary filter 22 that is a receiving filter or measuring fil- 

35 ter, by which it is converted to the base band measuring signal Z(k), 

The measuring signal Z(k) is applied to a demodulating part 25. wherein it is reverse-diffused or despread by the 
pilot signal (a PN code) from the pilot signal generating part 20. As result, bit data is demodulated and at the same time 
the amplitude a'; of each channel Is detected. In an ideal signal/auxiliary data generating part 26 an ideal signal Rj is 
generated from the bit data from the demodulating part 25 and the pilot signal (PN code) from the pilot signal generating 

40 part 20. Further, by computing the aforementioned Eqs. (10) through (14), auxiliary data are derived from the ideal sig- 
nal Rj. 

The ideal signal Rj is produced as follows: The demodulated bit data from the demodulating part 25 is diffused by 
I- and Q-side pilot signals (PN codes) from the pilot signal generating part 20, respectively. Then chips "0" and "1" of 
the diffused I- and O-side chip trains are converted to -»-V2 and -V2, respectively, to obtain I and Q signals of a QPSK 

45 signal whose amplitude is 1 . That is, an amplitude-normalized ideal signal Rj(k-m) is obtained. The ideal signal Ri(k-m) 
and the amplitude a'j from the demodulating part 25 are used to compute the auxiliary data Ai(k), Bi(k). Ci(k). Ii(k) and 
Hj(k) of Eqs. (10) through (14). 

These auxiliary data Aj(k). Bj(k). Ci(k), lj(k), Hi(k) and the measuring signal Z(k) are inputted into a parameter esti- 
mating part 27. wherein the simultaneous equations depicted in Fig, 1 are solved to obtain respective estimated values 

50 Aaj. ATj, AOj and Aco. In a first transform part 28 these estimated values are used to update the previous correcting 
parameters a'i. t'j. e'j and a>' by Eq. (15). The updated correcting parameters a'j. tV 6'; and co* are used to correct the 
measuring signal Z(k). The thus corrected measuring signal Z(k) undergoes again the processes of the demodulating 
pan'25v It^fe ide^rsignai/atjxiliary data genera(Hng part '26; th^ parameter estimatirtS pat^f 27 ^and- the first transform part 
28. This correcting process is repeated until the estimated values Aa^ Atj. A0i, and A© are optimized, that is. until they 

55 are reduced down to zero or a value close thereto, or until they remain unchanged. This repetition of the correcting proc- 
ess is the optimization step. By this, the ideal signal Rj as well as the measuring signal Z(k) are corrected. 

The correction of the measuring signal Z(k) is made by correcting the previous measuring signal Z(k) through the 
following calculation: 
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Z(k)^2(t-T'o)(1/a'o)exp[-j(a)*(t-T'o)+e'o] (16) 

The initial values used in this case are a'o=1. t'q=:0. 6*0=0, and a)'Q=0. Each time parameters are newly estimated in 
the parameter estimating part 27, Eq. (16) is computed for the new parameters a*o. t'q. Oq, and co'. This correcting cal- 

5 culation is conducted on the signal that is inputted into the quadrature transform part/complementary filter 22, that is, 
on the output from the memory 40 (and consequently the output from the A/D converter 15). The correcting calculation 
may be conducted on the measuring signal Z(k) transformed to the baseband. But this baseband-transformed measur- 
ing signal is a signal having passed through the complementary filter (a filter of the passband width as the bandwidth 
of the input signal). If the signal has a large frequency error, there is a fear that part of the signal is removed by the f H- 

10 tering, that is, a fear that the measuring signal to be used for the parameter estimation and so on is removed. For this 
reason, the result of the frequency estimation is corrected at a stage preceding the complementary filter. In this 
instance, however, If the measuring signal transformed to the baseband in the orthogonal transform part is passed 
through a low-pass filter of a sufficiently large passband width in place of the complementary filter, that is, if the quad- 
rature transform part/complementary filter 22 is formed by an orthogonal transform part/wideband low-pass filter, the 

15 correction may be made on the baseband-transformed measuring signal. 

The correcting parameters a'j. x*}, e'j and to' are provided to a third transform part 29, wherein they undergo the fol- 
lowing transformation: 



20 



35 



55 



a"j=a'j/a'o (17) 



25 where: i 0 

Since the parameters of the 0-th channel of the measuring signal Z(k) have been corrected by Eq. (16). the param- 
eters for correcting the ideal signal Rq of the 0-th channel are normalized as follows: 

30 a"o = 1 



e"o = o 



The parameters for the ideal signals Rj of channels other than the 0-th one are corrected by the parameters of the 
0th channel to have the values given by Eq. (17). 

That is, in the first session of the optimizing step the parameters for the ideal signals Rj of channels of the measur- 
ing signal Z(k) other than the 0-th channel are corrected by the correcting parameters of the 0-th channel. Hence, the 

40 auxiliary data generating part 26 uses, as correcting parameters, the parameters of the values normalized by the 
parameters of the 0-th channel by Eq. (1 7). that is. the output from the third transform part 29. 

In other words, the parameters obtained by Eq. (17) are used to compute Eqs. (10) to (14) to obtain the auxiliary 
data Aj(k), Bj(k), Ci(k), lj(k) and Hj(k). The calculations for the auxiliary data use the bit data and amplitude a'j obtained 
by demodulating in the demodulating part 25 the measuring signal Z(k) corrected by Eq. (16). 

45 As described above, upon each estimation of the parameters in the parameter estimating part 27, the measuring 

signal and the ideal signal are both corrected accordingly and the parameters are estimated again. When the estimated 
values of the parameters are optimized after some sessions of the correction and estimation, the power coefficient pj is 
computed by Eq. (6) from the measuring signal Z(k) and the pilot signal (the PN code) at that time in a power coefficient 
computation part 31 . Incidentally, Eq. (6) is defined in Measurement Standards and the same as in the prior art. 

50 The second transform part 32 performs the following calculations: 

ai=av (18) 



Aei = e're'o 

Aa> = a>' 
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These parameters aj, Axj. AGj, Ao), x'o and the power coefficient pj computed in the computation part 31 are dis- 
played in a computed results display part 33. By the way, the estimation of any one of the parameters can be omitted 
for simplicity. For example, when Aa' is not estimated, the amplitude obtained in the demodulating part 25 is used intact; 
when At' is not estimated, it is set at zero; and when Aco is not estimated, it is similarly set at zero. 

5 As described above, according to the present invention, estimated parameters are used to measuring signal 2(k) 

and the ideal signal Rj and the corrected both signals are used to re-estimate the parameters. The signal correction and 
the parameter estimation are repeated until the estimated parameters are optimized. Since this optimization utilizes all 
the parameters, they are all optimized. And since the measuring signal with all the parameters optimized is used to 
compute the power coefficient pj. it can be obtained with high accuracy Other parameters are also available with high 

10 accuracy because the measuring signal is contained in the optimization loop. 

It will be apparent that many modifications and variations may be effected without departing from the scope of the 
novel concepts of the present invention. 



Claims 

15 

1 . A method for measuring the waveform quality of a CDMA signal, comprising: 

a correcting steps of correcting a carrier frequency shift of a digital measuring signal transformed to a base 
band signal; 

20 a demodulating step of demodulating said corrected digital measuring signal to obtain its demodulated data 

and amplitude value; 

an ideal signal generating step of generating an ideal signal based on said demodulated data, said amplitude 
value and estimated parameters; 

a parameter estimating step of estimating various parameters from said ideal signal and said corrected meas- 
25 uring signal; 

an optimization step of repeating the correction of said carrier frequency shift of said digital measuring signal 
in said correcting step and the generation of said ideal signal in said ideal signal generating step through utili- 
zation of said estimated parameters and repeating said demodulating step and said parameter estimating step 
until said estimated parameters are optimized; and 
30 a power coefficient computation step of computing the power coefficient of said measuring signal with said esti- 

mated parameters optimized. 

2. The method of claim 1, wherein said correcting step corrects said measuring signal also using amplitude, time lag 
or delay and phase parameters of a specified channel thereof and said parameter estimating step estimates ampli- 

35 tude, time lag or delay and phase parameters by solving approximate simultaneous equations of a parameter that 
minimizes the square of the difference between said measuring signal and said ideal signal. 



3. The method of claim 2, wherein said parameter estimating step comprises a step of computing five pieces of aux- 
iliary data A(k), B(k), C(k), l(k) and H(k) using said ideal signal, said amplitude parameter, said time lag or delay 
40 parameter, said phase parameter and a data number (time) k as variables, and a step of solving said approximate 
simultaneous equations through the use of said five pieces of auxiliary data and said measuring signal. 



4. An apparatus for measuring the waveform quality of a CDMA signal, comprising: 



45 analog-to-digital converting means for converting an input CDMA signal to a digital signal; 

quadrature transform and correcting means for transforming said digital signal to a digital measuring signal of 
the baseband and for correcting its carrier frequency shift; demodulating means for demodulating said cor- 
rected digital measuring signal to obtain its demodulated data and amplitude value; 
pilot signal generating means for generating a known pilot signal; 

so means for generating an ideal signal from said demodulated data and said pilot signal and for generating aux- 

iliary data from said ideal signal through calculation; 

parameter estimating means for estimating various parameters from said auxiliary data and said corrected dig- 
ital measvjrtng'signat through calci5latiort; ^ 

means for updating estimated parameters used so far with said parameters currently estimated by said param- 
55 eter estimating means; and 

power coefficient computation means for computing the power coefficient of said measuring signal with said 
estimated parameters optimized. 
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5. The apparatus o1 claim 4. further comprising storage means for storing said digital signal converted by said analog- 
to-digital converting means. 
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demodulating part 25, wherein it Is demodulated by a 
PN code of a pilot signal to detect a bit train and an 
amplitude aV An ideal signal Rj is generated from the bit 
train, the amplitude a'j and the PN code. At the same 
time, auxiliary data A. B. C, H and I, which are used to 
solve approximate simultaneous equations for comput- 
ing parameters that minimize the square of the differ- 
ence between the ideal signal Rj and the measuring 
signal Z(k). are generated in an ideal signal/auxiliary 
data generating part 26. The thus obtained auxiliary 
data and the measuring signal 2(k) are used to solve 
the simultaneous equations to estimate the parameters 
in a parameter estimating part 27. The parameters are 
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computed using the optimized measuring signal Z(k) 
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